A model of cytochrome P-450-centered hepatic dysfunction in drug metabolism induced by cobalt-protoporphyrin administration.
Cobalt-protoporphyrin treatment disrupts cytochrome P-450-centered drug metabolism and is known to decrease significantly the cytochrome P-450 content of the liver. This study assesses further the correlations between biochemical and functional changes induced by Co-protoporphyrin. Specifically, it confirmed the fall in cytochrome P-450 levels in liver and demonstrated that both NADPH-cytochrome P-450 reductase and NADH-cytochrome b5 reductase activities decreased in a dose-dependent manner, albeit to a lesser degree, upon Co-protoporphyrin administration. Furthermore, plasma clearance of the marker drug aminopyrine fell off abruptly with a minimal decrease in cytochrome P-450 content, and then monotonically with its further depletion. Both aminopyrine and caffeine demethylation, as measured by the amount of radiolabeled CO2 exhaled, also decreased with diminishing cytochrome P-450 content. With aminopyrine the decrease was abrupt but with caffeine biphasic, consistent with preferential isozyme depletion. The drop in oxidative drug metabolism measured by these two in vivo techniques occurred in the absence of organellar damage to hepatocytes, as observed by electron microscopy. In vitro studies of aminopyrine metabolism in microsomes prepared from rats with and without Co-protoporphyrin injection proved to be consistent with the in vivo studies. Moreover aminopyrine Vmax decreased and Km increased with decreasing cytochrome P-450 content, suggesting preferential isozyme depletion. Furthermore, the changes in aminopyrine intrinsic clearance predicted by the in vitro Vmax and Km values agreed with those measured by in vivo plasma clearance. Taken together, these data suggest that Co-protoporphyrin treatment can be used to produce a model of altered cytochrome P-450-centered drug metabolism, as measured consistently by several techniques. However, this model appears to be more complex than one involving nonspecific depletion of cytochrome P-450 alone, and may be influenced also by concomitant changes in the electron transport chain or other aspects of hepatic metabolism.